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ABSTRACT 1 
Meta-analyses are methods to combine outcomes from different studies in order to investigate consistent 2 
effects of relatively small magnitude, which are difficult to distinguish from random variation within a 3 
single study. Several published meta-analyses addressed whether organic and conventional production 4 
methods affect the composition of plant foods differently. The meta-analyses were carried out using 5 
different options for the methodology, and resulted in different conclusions. The types of designs of field 6 
trials and farm comparisons widely used in horticultural and agronomic research differ substantially 7 
from the clinical trials and epidemiological studies that most meta-analysis methodologies were 8 
developed for. Due to this it is proposed to carry out a systematic review and meta-analysis aiming to 9 
develop a consolidated methodology. If successful, this methodology can then be used to determine 10 
effects of different production systems on plant food composition as well as other comparable factors 11 
with small but systematic effects across studies. 12 
 13 
KEYWORDS 14 
Vitamins, Minerals, Horticulture, Food Quality 15 
  16 
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INTRODUCTION 17 
Background and Justification 18 
Meta-analyses of data from multiple primary studies are used widely to improve the efficiency of the 19 
scientific process. Most often these methods are used to assess general applicability of the findings of 20 
randomized placebo controlled clinical trials in medicinal research, but they are also increasingly used 21 
for other types of studies1, which include investigations of climate change2 and trends in ecological 22 
research.3 Meta-analyses are particularly useful to study consistent effects of relatively small magnitude, 23 
which are difficult to distinguish from random variation within a single study. One such topic in 24 
agricultural chemistry is whether production systems influence food composition, and if so by how 25 
much. Numerous single-factor studies show that the composition of plant foods can be affected if the 26 
plants are exposed to substantial differences in growing conditions.4 It is much less certain, however, 27 
whether organic and conventional production methods result in significant differences in composition of 28 
the plant products produced in these two systems, in particular regarding compounds that are 29 
synthesized by the plant or naturally accumulate within it (in contrast to e.g. pesticide residues). Until 30 
now seven published studies 5-11 have included meta-analyses of the relative contents of all or some of 31 
the following groups of compounds: vitamins, minerals, macronutrients and secondary metabolites in 32 
plant foods grown using organic or conventional production methods. All of these studies compared data 33 
from primary publications reporting composition of comparable products produced in the two systems, 34 
and in all of these studies the aim was to determine whether the production methods result in significant 35 
differences in composition of the plant foods, primarily relating to nutritional value. The seven reviews 36 
came to very different conclusions (see Table 1), even in cases where comparable compounds were 37 
included in the analyses. Whilst to some extent differences in conclusions may reflect differences in 38 
interpretation of the outcomes (‘glass half full’ versus ‘glass half empty’), there are also definitive 39 
numeric differences between studies in the calculated significance levels and magnitudes of the effects 40 
Page 3 of 24
ACS Paragon Plus Environment
Journal of Agricultural and Food Chemistry
4 
 
of production system, which can only have been caused by the use of different methods for the meta-41 
analysis. 42 
The 7 studies were all based on the principle of meta-analysis, where information from several 43 
independent datasets from primary studies are converted into a common metric, which allows the 44 
assessment of a treatment effect independently of the specific characteristics of each dataset. Then the 45 
metric is used to assess significance of the treatment effect across all datasets. So if for example a 46 
treatment is applied to plants from several different species, and most of them respond with a reduction 47 
in the content of the nutrient, then the metric will allow the analysis of this effect using the data from all 48 
the species, even if the range of nutrient content values within one species is different from that of 49 
another species. If relevant for the study designs, the analysis may include a weighting procedure to 50 
compensate for objective differences in data reliability, for example giving more weight to studies with 51 
several independent replications than to non-replicated ones. The primary advantage of the meta-52 
analysis principle is that it greatly increases the statistical power, and therefore allows statistical 53 
evaluation of effects of much smaller magnitude than what can be definitively assessed within a single 54 
experimental study. The key steps of a meta-analysis are: 1. choosing the primary studies to include; 2. 55 
choosing the type of metric and calculating it; and 3. analyzing the metric and reporting the outcomes. 56 
However, a range of different options is available at each step of the procedure, and the optimal choice 57 
depends on the types of data analyzed (for example if they are from controlled experiments or from 58 
surveys) as well as the aims of the investigation (to estimate the magnitude of an effect or only to assess 59 
its significance). A key issue is that most of the development of best practice has focused on research on 60 
humans, either in medical or social sciences,12, 13, 1 making it relatively more difficult for researchers in 61 
the food and agriculture areas to select the most appropriate methodology for meta-analyses in their area. 62 
This is reflected in the observation that each of the 7 studies carried out their meta-analysis using 63 
different specific methods (see Table 2). The differences in methodology between the reviews are so 64 
substantial that this can fully explain why the outcomes were so different, despite similar aims and 65 
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substantial overlap in the primary studies included. In fact any pair of two studies differs on more than 66 
one major element of the methodology, so it is not possible to assign the differences in outcomes to any 67 
specific elements of the methodologies. The choice of method options may substantially affect the 68 
outcome, potentially introducing a bias to the conclusions. The robustness of conclusions can however 69 
be objectively assessed by sensitivity analyses, comparing the outcomes resulting from different key 70 
options in the methodology. Consensus statements about best practice for meta-analyses12, 1 strongly 71 
emphasize the importance of clearly defined and transparently described methodology, and consistent 72 
use of sensitivity analyses wherever the appropriate procedures are not self-evident. In particular this is 73 
important for meta-analyses of observational data,1 which often comprise individual studies with 74 
different designs and/or where design and reporting has been done without consideration of the 75 
suitability of the data for subsequent meta-analyses. A particular element of best practice12 is that the 76 
protocol for a planned meta-analysis should be published before the analysis is carried out, to provide a 77 
definitive documentation of the starting point for the work. This provides a means to monitor that all 78 
subsequent adaptations to the protocol are logged and explained. Publication of the protocol also serves 79 
to allow constructive criticism from the scientific community, such as suggestions for improvements to 80 
the planned procedures. 81 
However, in each of the seven above-mentioned reviews5-11 only one method was used to select the data 82 
to include in the meta-analysis, only one of the studies published a protocol in advance7 and only one or 83 
two alternative methods were used to analyze the data. In every study the criteria for selection of data to 84 
include in analyses were defined solely based on the authors’ preferences (not sensitivity analyses), in 85 
most cases without any specific explanation for the choices of methods. Only two studies reported that 86 
sensitivity analyses were performed. In Brandt et al.,6 the outcomes were calculated with or without dry 87 
matter adjustment. In Smith-Spangler et al.,10 different estimated values for sample size were explored 88 
for studies where this value was not available, as well as sub-group analyses of differences between 89 
plant species or dry matter v. fresh weigh measurements for a few compounds. In all these cases it was 90 
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shown that the tested adjustments did not change the significance of the conclusions, but the precise 91 
effects on the outcomes were not reported. This clearly indicates how a consolidated methodology for 92 
meta-analyses of agronomic/horticultural data would be beneficial. 93 
We propose to use the same approach as used in environmental research2 when a similar situation 94 
occurred regarding the effect of elevated carbon dioxide on soil carbon (4 independent meta-analyses of 95 
the same type of data reported substantially different outcomes). By analyzing similarities and 96 
differences among the previous studies, a more robust and authoritative methodology was developed, 97 
which succeeded to resolve the question and also explain the reasons for the discrepancies.2 98 
 99 
Objectives of the Review 100 
• To systematically collect all primary data on paired comparisons of contents of vitamins, minerals, 101 
macronutrients and secondary metabolites in plant foods grown using organic or conventional 102 
production methods. 103 
• To carry out relevant sensitivity analyses of the methods used for selection of studies of appropriate 104 
quality, to determine the advantages and disadvantages of each of the methods and assess the effect 105 
of the outcomes of using more or less optimal methods for this purpose. 106 
• To carry out relevant sensitivity analyses of the methods used for selection and adjustment of data 107 
from those studies to include in meta-analyses, to determine the advantages and disadvantages of 108 
each of the methods and assess the effect of the outcomes of using more or less optimal methods for 109 
this purpose. 110 
• To carry out relevant sensitivity analyses of the methods used for comparison of these data, to 111 
determine the advantages and disadvantages of each of the methods and assess the effect of the 112 
outcomes of using more or less optimal methods for this purpose. 113 
• To determine the significances and magnitudes of differences found using selected combinations of 114 
methods including those considered optimal based on the sensitivity analysis.  115 
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 116 
MATERIALS AND METHODS 117 
1. Inclusion Criteria 118 
The review will include all original studies that compare primary data on the content of vitamins, 119 
minerals, macronutrients and secondary metabolites in plant foods grown using organic or conventional 120 
production methods. Studies published on paper or electronically (including e.g. PhD thesis repositories 121 
and web-only conference proceedings) after January 1958, in all languages, both peer-reviewed and non-122 
peer reviewed, will be included initially.  123 
2. Exclusion Criteria 124 
The review will not include publications containing data from only one production system. In case of 125 
duplicates of primary data the least detailed version will be excluded. Studies will be excluded if the 126 
essential information (see Table 3) is missing from the published description and cannot be obtained by 127 
contact with the author. Specific languages may be excluded if it is not possible to locate sufficiently 128 
qualified assistance within the project group and its affiliates to allow extraction of the essential 129 
information.  130 
3. Literature Search 131 
Papers will be identified through an initial search of the literature with Web of Knowledge and Scopus, 132 
followed by further hand search of reference lists of identified reviews and original publications. 133 
Corresponding authors of the identified publications will also be contacted by email and asked to 134 
provide further relevant publications. 135 
4. Search Terms for Electronic Databases 136 
Titles of publications will be identified through the search of the literature using the search term 137 
structure: (organic* or ecologic* or biodynamic*) and (conventional* or integrated) and (names of 72 138 
relevant crops and foods) and (names of 51 relevant compounds and constituents) for the period 1958 – 139 
present.  140 
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5. Data Extraction 141 
Information from the identified publications will be extracted to an MS Access database as detailed in 142 
Table 3. A set of paired values is defined as the values provided for the concentration of one 143 
‘compound’ in the same product from the same variety (or cultivar if variety name is unavailable) and 144 
treatment. A ‘compound’ can be a chemically defined entity (e.g. iodine) or several chemically related 145 
compounds measured together (e.g. ‘sugars’ or ‘hydroxycinnamic acids’). For initial data collection, 146 
each ‘compound’ will be recorded as defined by the author, although where more than one synonym is 147 
used for the same ‘compound’ in different articles, the most frequently used name will subsequently be 148 
applied for the data from all articles. Some of the subsequent analyses will involve the grouping of 149 
‘compounds’ according to the different principles used in each of the published meta-analyses (see 150 
‘Handling of multiple forms of compounds’ in Table 2). Data presented in graphical form on arithmetic 151 
scales will be recorded manually, while graphical data presented on logarithmic scales will be excluded. 152 
6. Quality Control 153 
For most publications the data will be extracted by one person. To reduce the risk of spelling errors 154 
(including errors in the publications), for data recorded as a limited number of repeated words or phrases 155 
(e.g. author names, research units, names of compounds and analysis methods etc.), each new 156 
occurrence of such a word or phrase will be added to a list, while repeated occurrences will be copied 157 
from the list. After completion of the data extraction, an initial test for outliers will be used to find and 158 
correct obvious errors. Those authors whose work has been included in the review may then be 159 
contacted and asked to check whether the extracted information is accurate and also invited to provide 160 
additional information if relevant. In particular this will be done in cases where information is missing or 161 
unclear in the publication, including data presented only as graphics or only as averages of factors such 162 
as years. For such publications, if the response is insufficient or not received, the data will be checked by 163 
repeated extraction by a different person. 164 
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Once the meta-analysis data have been published, the full extracted datasets will be made available 165 
online, allowing any interested party to check and reproduce all the published calculations. The website 166 
will include a facility for reporting of errors or additional data. If errors in data or calculations are 167 
reported, which may affect the conclusions of the meta-analyses, the affected analyses will be repeated 168 
and the corrected results presented on the website. 169 
7. Comparison of Analysis Methods 170 
The methods used by each of the previous authors (see Table 2) will be compared using iterative 171 
sensitivity analysis, changing one element of a method at a time where feasible, in those cases where the 172 
description is sufficiently detailed to allow it to be replicated. Methods from other studies on related 173 
topics, such as the paper by Seufert et al.14 on comparison of crop yields in organic and conventional 174 
agriculture, will also be considered and included where relevant. Specifically, in this paper the variable 175 
used was the ln-transformed response ratio weighted by the inverse of the mixed-model variance, 176 
excluding studies with only one data pair. In contrast, another recent review by Hoefkens et al.15 with a 177 
meta-analysis of composition of organic and conventional vegetables, used a fundamentally different set 178 
of methods, which we probably will not be able to compare with the other meta-analyses. This study was 179 
to a large extent based on primary data from studies on composition of vegetables from only one 180 
production system (‘unpaired’ data), and rather than assessing the physiological responses of the plants 181 
to the production methods, the aim was described as ‘to investigate the scientific validity of nutrition 182 
claims such as “no vegetable/potato has higher amounts of nutrient X than organic vegetables/potatoes”. 183 
This study’s methods are so different from the other reviews that it was not possible to include them in 184 
Table 2. 185 
Prior to this step, the authors of all the meta-analysis studies will be contacted to ask if they are 186 
interested to provide additional information about the methodology they used, as well as if they have 187 
additional suggestions for which methods we should include in the comparison. The methods used as the 188 
reference in these comparisons will be the ones used in the study by Brandt et al.6 Comparisons will be 189 
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done in groups of elements, first comparing the methods for extraction and analysis of the data, then the 190 
methods for selection of publications to include, and finally combinations of relevant methods in each 191 
group.  192 
8. Examples of Sensitivity Analyses: 193 
- Quality criteria for the publications included: e.g. peer-reviewed papers only vs. both peer-reviewed 194 
and non-peer reviewed; large sample size versus low or unreported sample size; etc. 195 
- Handling of data from studies with different designs: e.g. data for separate years included as separate 196 
data points vs. data for separate years averaged; with or without weighting based on standard 197 
variation; multiple cultivars treated as separate samples or as single samples; etc. 198 
 199 
EXPECTED RESULTS AND DISCUSSION 200 
The study will develop and implement concepts from other research areas 2, 3, 16 to provide a 201 
comprehensive meta-analysis of the effects of production systems on the composition of plant foods 202 
regarding contents of vitamins, minerals, macronutrients and secondary metabolites, incorporating the 203 
new original data published since the most recent reviews covering each of these types of compounds, as 204 
well as the accumulated experience with different approaches for such meta-analyses. In addition, the 205 
multiple sensitivity analyses and subgroup comparisons will provide systematic information about the 206 
consequences of using different methods for selection of publications, extraction of information from 207 
them and analysis of the data obtained.  208 
We expect that the primary reason why different methods have caused different outcomes is that the 209 
number of independent primary studies is relatively low, with a variety of different design principles and 210 
potentials for within-study correlations. Therefore over time, as more independent original studies are 211 
published, the differences between the overall outcomes caused by using the different methods will be 212 
reduced, as found in other comparable areas.3 If this is confirmed, it also means that the (combinations 213 
of) methods that are best able to estimate the overall outcome from relatively small data volumes (for 214 
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example using reduced timespans or limited selections of crop species) are objectively better than other 215 
methods, thus providing a concept for unbiased ranking of the quality of the methodologies. 216 
 217 
We therefore aim to derive a set of objectively justified general guidelines for future meta-analyses, 218 
which will be used for future updates to include new original data in the specific area. They may also 219 
turn out to be useful to analyze other types of external effects (e.g. climate) on other qualities of 220 
cultivated plants (e.g. resistance to diseases), where experimental designs show the same types of 221 
variations as for studies comparing organic and conventional crops. 222 
The outcome of the present study will also provide objectively justified guidelines for the design and 223 
reporting of future primary studies. It will quantify and illustrate the importance of multi-year 224 
recordings, appropriately replicated experiments, meticulous experimental protocols and reporting of 225 
relevant statistical outcomes, providing evidence that can be used by educators and journal editors to 226 
encourage best practice whenever possible. However it will also demonstrate appropriate exploitation of 227 
the data resource provided by multiple independent non-replicated experiments, each of which are often 228 
insufficient to justify publication on its own, and may thus encourage initiatives to make more good 229 
quality unpublished datasets available for secondary research. 230 
 231 
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TABLES 
Table 1. Summary of outcomes from previous studies on relative nutrient content in organic and conventional plant foods, resulting from 
analysis of literature data from multiple comparative studies. 
Lead author Benbrook Brandt Dangour Heaton Hunter Smith-
Spangler 
Worthington 
Year published 2008 2011 2009 2001 2011 2012 2001 
Types of compounds 
included 
Vitamins, 
minerals and 
secondary 
metabolites 
Secondary 
metabolites and 
vitamin C 
Vitamins, 
minerals and 
secondary 
metabolites 
Vitamins, 
minerals and 
secondary 
metabolites 
Vitamins and 
minerals  
Vitamins, 
minerals and 
secondary 
metabolites 
Vitamins 
and minerals 
Number of 
compound groups 
compared 
11 7 groups + 3 
combined 
groups 
11 5 24 groups + 4 
combined 
groups 
13 5, and 32 
without test 
Number of 
compound groups 
statistically 
significantly 
different 
No test 5 groups + 3 
combined 
groups 
3 No test 1 group + 2 
combined 
groups 
2 5 
Overall conclusion ‘organic 
plant-based 
foods are … 
more 
nutritious’ 
‘higher than in 
corresponding 
conventional 
samples’ 
‘no evidence of 
a difference in 
nutrient 
quality’ 
‘organically 
grown crops 
are 
significantly 
different’ 
‘levels of 
micronutrients 
were higher in 
organic foods’ 
‘lacks strong 
evidence 
that organic 
foods are 
significantly 
more 
nutritious’ 
‘genuine 
differences 
in the 
nutrient 
content’ 
Full dataset 
published 
No Yes  Yes  No No No No 
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Table 2. Summary of methods used in previous studies 
Lead author Benbrook Brandt Dangour Heaton Hunter Smith-
Spangler 
Worthington 
Year 
published 
2008 2011 2009 2001 2011 2012 2001 
Publication 
year for data 
1980-2007 1992-2009 1993 (1958 in 
protocol) - 
2007  
1974-2000 1980-2007 1978-2012 1951-1997 
Selection 
criteria for 
organic 
treatment 
A combination of 
the following 
using points: 
Produced under 
qualified organic 
management.  
Stated appropriate 
conversion 
period; stated 
adherence to 
appropriate 
regulation or 
certification body; 
input list provided 
that conforms 
with what is 
allowed by 
appropriate 
regulation or 
certification body 
At least one of 
the following: 
Stated adherence 
to appropriate 
regulation or 
certification 
body; input list 
provided that 
conforms with 
what is allowed 
by appropriate 
regulation or 
certification 
body; the word 
‘organic’ used in 
a ‘legally defined 
context’: a time 
and place where 
it is illegal to use 
it for production 
methods that do 
not conform with 
what is allowed 
by appropriate 
regulation 
Stated 
adherence to 
appropriate 
regulation or 
certification 
body. 
Non-standard 
organic 
certified 
systems such 
as 
‘biodynamic’ 
were 
excluded in 
principle, but 
included if 
organic 
certification 
was stated 
Produced 
under 
qualified 
organic 
management 
including 
explicitly 
stated 
appropriate 
conversion 
period 
Described as 
‘organic’ or 
‘biodynamic’ or 
utilized ‘organic 
manure’ without 
the use of 
synthetic inputs. 
Plant protection 
methods not 
specifically 
mentioned, but 
presumably 
excluded 
synthetic 
pesticides 
Included 
biodynamic 
and defined 
by investiga-
tors’ stated 
adherence, 
must include 
’farming 
practice’ 
(probably 
plant 
protection) 
Stated use of 
organic 
fertilizer or 
organic 
system. Plant 
protection 
methods not 
specifically 
mentioned 
Selection 
criteria for 
conventional  
As defined by 
author where 
more than one 
As defined by 
author where 
more than one 
Only 
explicitly 
‘conventional
Required to 
reflect 
typical 
Described as 
‘conventional’, 
‘integrated’, ‘low 
Stated use of 
conventional 
fertilizer or 
Stated use of 
conventional 
fertilizer or 
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treatment non-organic 
system is 
included in a 
study. Commonly 
used certified 
non-organic 
systems 
(‘Integrated’, 
‘Good 
Agricultural 
Practice’ etc.) 
considered 
conventional, 
unless explicitly 
contrasted with 
other 
conventional 
practice 
non-organic 
system is 
included in a 
study. 
Commonly used 
certified non-
organic systems 
(‘Integrated’, 
‘Good 
Agricultural 
Practice’ etc.) 
considered 
conventional, 
unless explicitly 
contrasted with 
other 
conventional 
practice 
’ practice 
considered 
conventional. 
Non-organic 
certified 
systems such 
as 
‘Integrated’ 
were 
excluded in 
principle, but 
included if 
certification 
was not 
mentioned 
conventional 
practice, but 
also 
accepted 
inclusion of 
otherwise 
acceptable 
studies that 
only 
compared 
fertilization 
but not crop 
protection 
methods 
input’ or ‘mineral 
fertilizers’. Plant 
protection 
methods not 
specifically 
mentioned 
conventional 
system. 
Plant 
protection 
methods not 
specifically 
mentioned 
conventional 
system. Plant 
protection 
methods not 
specifically 
mentioned 
Selection 
criteria for 
general 
quality of 
publications 
Included if 
method 
descriptions 
sufficiently 
detailed to allow 
assessment of the 
other criteria and 
the data are not 
duplicated in 
another 
publication 
Included if 
method 
descriptions 
sufficiently 
detailed to allow 
assessment of the 
other criteria and 
the data are not 
duplicated in 
another 
publication 
Only peer-
reviewed 
publications 
included, 
identification 
and removal 
of duplicate 
data not 
mentioned 
Included if 
method 
descriptions 
sufficiently 
detailed to 
allow 
assessment 
of the other 
criteria and 
the data are 
not 
duplicated in 
another 
publication 
Included if 
method 
descriptions 
sufficiently 
detailed to allow 
assessment of the 
other criteria. 
Also ‘mixed 
foods’ and studies 
where harvest 
date was not 
specified were 
excluded 
Only peer-
reviewed 
English 
language 
publications 
included, 
identifica-
tion and 
removal of 
duplicate 
data not 
mentioned 
No specific 
criteria 
mentioned 
Selection 
criteria for 
publications 
regarding 
analysis 
Studies excluded 
if using analytical 
methods 
considered 
imprecise or not 
No specific 
criteria, other 
than exclusion of 
studies that 
explicitly stated 
Studies 
excluded if 
methods or 
statistics were 
not mentioned 
No specific 
criteria 
No specific 
criteria other than 
that analytical 
methods must be 
clearly stated 
Studies 
excluded if 
information 
about 
variance or 
No specific 
criteria other 
than that data 
must be 
quantitative 
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methods defined the use of 
inappropriate 
methods 
results of 
statistical 
tests was 
missing 
(numeric) 
Selection 
criteria for 
trial design 
Field trials and 
farm comparisons 
only 
Field trials, farm 
comparisons and 
shopping basket 
studies all 
included in 
principle, but all 
shopping basket 
studies excluded 
due to other 
criteria 
Field trials, 
farm 
comparisons 
and shopping 
basket studies 
all included 
Field trials, 
farm 
comparisons 
and 
shopping 
basket 
studies all 
included 
Field trials, farm 
comparisons and 
shopping basket 
studies all 
included in 
principle, unless 
multiple levels 
and types of 
fertilizer were 
included, but all 
shopping basket 
studies excluded 
due to other 
criteria 
Field trials, 
farm 
comparisons 
and 
shopping 
basket 
studies all 
included 
Field trials, 
farm 
comparisons 
and shopping 
basket studies 
all included 
Selection 
criteria for 
plant 
genotype 
comparisons 
Same cultivar a in 
organic and 
conventional 
treatment 
Same cultivar a 
in organic and 
conventional 
treatment 
Same Group a 
in organic and 
conventional 
treatment 
Not clearly 
specified 
Same cultivar a in 
organic and 
conventional 
treatment. 
Not a 
selection 
criterion, but 
‘evaluated’ 
the extent to 
which pairs 
were of the 
same Groupa 
Not clearly 
specified 
Percentage 
of 
publications 
included 
after 
application 
of quality 
criteria 
 
40% 65% 33% 30% 50% >85% (not 
clearly 
specified) 
>90% (not 
clearly 
specified) 
Handling of Where data on Where data on Where data Not clearly Not clearly Not clearly Not clearly 
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multiple 
forms of 
compounds 
multiple forms of 
a compound were 
reported, if a 
‘total’ or 
‘combined’ value 
was present, only 
this was included 
in the meta-
analysis, if not, 
only the most 
abundant form 
was used, the rest 
were ignored 
multiple forms of 
a compound were 
reported in the 
same study, the 
contents of the 
most similar 
forms were 
added to form a 
maximum of 6 
aggregate groups 
of compounds 
per sample. No 
data were 
excluded unless 
they were clearly 
duplicated or 
included in other 
data. Compounds 
were grouped 
into 7 categories 
(6 types of 
secondary 
metabolites + 
vitamin C) and 
each group 
analyzed 
separately and in 
combinations 
on multiple 
forms of a 
compound 
were 
reported, 
every one of 
them was 
included 
separately. 
Compounds 
were grouped 
into 98 
categories, 
and categories 
represented 
by at least 10 
studies were 
analyzed 
separately 
specified specified, 
however 
presumably all 
forms of the same 
vitamin, mineral 
or trace elements 
were considered 
equivalent, since 
only these types 
of compounds 
were included 
specified, 
however 14 
‘vitamins 
and 
nutrients’ 
were 
included, 
some of 
which 
presumably 
include 
multiple 
forms  
specified 
Handling of 
multiple 
treatments 
within a 
study (e.g. 
storage 
duration, 
harvest 
times, 
Where multiple 
treatments were 
reported, only one 
was chosen for 
inclusion, e.g. 
shortest duration 
of postharvest, or 
methods 
representing ‘the 
Where multiple 
treatments were 
reported, the 
average of all 
treatments was 
calculated and 
used, except for 
multiple 
durations of post-
Where 
multiple 
treatments 
were 
reported, 
either every 
one was 
included as 
separate data 
Not clearly 
specified 
Where multiple 
treatments were 
reported, the data 
from the least 
processed 
treatment and/or 
the maturity stage 
most 
representative of 
Data for 
separate 
treatments 
were 
presumably 
combined 
using 
random-
effect 
Where 
multiple 
treatments 
were reported, 
as far as 
possible every 
one was 
included as 
separate data 
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storage 
temperature 
etc.) 
most common 
organic and 
conventional 
treatments’ (not 
clear if they had 
to be identical).  
harvest 
treatments, where 
only the shortest 
duration was 
used 
points, or the 
average was 
calculated. 
Criteria for 
choosing one 
or the other 
option were 
not specified 
commercial 
maturity were 
used 
models – 
this is not 
clearly 
specified 
points 
Handling of 
data from 
studies 
containing 
more than 
one 
year/growing 
season 
Where data were 
reported for 
multiple years 
combined, as well 
as for each year 
separately, the 
combined value 
was used, 
although separate 
values for each 
year were used if 
no combined 
value was 
reported 
Where reported 
in the publication 
or available from 
the author, as far 
as possible data 
for separate years 
were included as 
separate data 
points 
Not clearly 
specified 
Not clearly 
specified 
Not clearly 
specified, other 
than that 
‘compared foods 
were grown in the 
same season’ 
Data for 
separate 
years were 
combined 
using 
random-
effect 
models 
As far as 
possible data 
for separate 
years were 
included as 
separate data 
points 
Handling of 
data from 
studies 
containing 
more than 
one location 
Where data were 
provided for 
separate 
locations, each 
location was 
included 
separately 
Where data were 
provided for 
separate 
locations, the 
average for all 
locations was 
calculated and 
used 
Where data 
were provided 
for separate 
locations, 
each location 
was included 
separately 
Not clearly 
specified 
Not clearly 
specified, other 
than that ‘Data 
reported as an 
average of 
multiple farms 
were considered 
as a single 
comparison’ 
Not clearly 
specified, 
but 
presumably 
treated as 
‘samples’ 
and 
therefore 
combined 
using 
random-
effect 
models 
Not clearly 
specified 
Handling of Data from each Within a Group a Data from Not clearly Individual Not clearly Not clearly 
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data from 
studies 
containing 
more than 
one genotype 
cultivar a were 
used separately. 
Studies where 
cultivar a names 
were not provided 
were excluded 
the average of 
data from all 
cultivars a was 
used. Studies 
were excluded if 
cultivar a names 
were not 
provided 
each cultivar a 
were used 
separately, 
except in 
studies 
(mainly 
shopping 
surveys) 
where only 
data on the 
average for a 
Group a was 
provided 
specified cultivars a of the 
same food were 
used as separate 
comparisons 
specified, 
but 
presumably 
treated as 
‘samples’  
specified 
Handling of 
data reported 
on fresh 
weight or dry 
matter basis. 
Not clearly 
specified 
Data reported on 
dry matter basis 
was adjusted to 
correspond to 
values on fresh 
weight basis by 
multiplying with 
the average ratio 
of dry matter 
content in 
organic and 
conventional 
produce, 
calculated from 
those studies 
where the dry 
matter content 
itself was 
reported 
No distinction 
made 
Only data 
reported on 
fresh weight 
basis 
included 
No distinction 
made 
Not clearly 
specified, 
but 
subgroup 
analyses 
were done 
for 3 
compounds 
(calcium, 
potassium 
and 
phosphorus) 
showing no 
change in 
outcome 
Not clearly 
specified 
Handling of 
data reported 
only in 
graphical 
form 
Not clearly 
specified 
Approximate 
values measured 
manually. 
Graphical data on 
a logarithmic 
Excluded Not clearly 
specified 
Not clearly 
specified 
Not clearly 
specified 
Not clearly 
specified 
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scale were 
excluded 
Variable 
used for 
statistical 
analysis 
Response ratio of 
concentrations in 
organic and 
conventional 
material, also 
used ‘vote-
counting’ 
Ln-transformed 
response ratio of 
concentrations in 
organic and 
conventional 
material (also 
used normalized 
difference) 
Normalized 
difference 
between 
concentra-
tions in 
organic and 
conventional 
material 
‘Vote-
counting’ 
Normalized 
difference 
between 
concentrations in 
organic and 
conventional 
material, also 
used ‘vote-
counting’ 
Standar-
dized mean 
difference 
Normalized 
difference 
between 
concentra-
tions in 
organic and 
conventional 
material, also 
used ‘vote-
counting’ 
Statistical 
test 
No test Re-sampling 
test17 (also t-test) 
T-test with 
‘robust 
standard 
deviation’ (no 
reference 
provided) 
No test One-sample t-test 
or Wilcockson 
signed rank tests 
for differences 
depending on 
normality of 
distributions, 
‘sign test’ for 
‘vote-counting’ 
Random-
effect 
models and 
funnel plots 
Wilcockson 
signed-rank 
a
 The terms ‘cultivar’ and ‘Group’ are used here according to the ‘International code of nomenclature for cultivated plants’ 18. The cited 
reviews used either ‘cultivar’ or ‘variety’ when describing the selection process. However none of the reviews (nor individual studies) 
provided a reference or correct definition of the terms they used, reflecting widespread inconsistency and lack of awareness of this issue. Due 
to this, the classification here is based on the actual selection outcome, specifically on whether or not a review included studies defining the 
genotype only at ‘Group’ level as assessed by this criterion. 
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Table 3. Information to be extracted from the identified publications 
Type of information Pre-defined categories Essential 
information 
General information about the publication   
Source of publication Electronic database searches, hand searches of 
reference lists of reviews and original 
publications, direct contact with the authors 
No 
Author names (at least one)  Yes 
Title  No 
Year of publication  No 
Type of publication Journal article, conference paper, conference 
proceedings, book chapter, report, thesis, other 
Yes 
Name of Journal or Book Series where relevant  No 
Country of the first author  No 
Research unit of the first author  No 
E-mail address of corresponding author  No 
Language of publication   No 
Availability of English abstract Yes, no (assumed no if not specified) N/A 
Information if the data presented in the publication were duplicated 
in other study 
Yes, no (assumed no if not specified) N/A 
   
Potential study quality indicators (for sensitivity analysis)   
Peer-reviewed Yes, no (assumed no if not specified in 
publication, publisher’s website or other 
available information) 
N/A 
Funding source Public, organic industry, conventional industry, 
other 
No 
Type of study Shopping basket study, farm comparison, 
controlled experiment 
Yes 
Number of experimental years  Yes  
Location as country, if available also province/state/county and 
town 
 Yes 
Plant species and, if relevant and available, Group(s) a  Yes 
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Number of plant cultivars a included  No 
Production system (as defined by author) Organic, biodynamic, conventional, integrated Yes 
If products are certified (both for organic and conventional 
treatments) 
Yes, no (assumed no if not specified) N/A 
Name of certifying body  No 
If inputs are specified Yes, no N/A 
If specified inputs are compatible with organic standards  Yes b, no b N/A 
   
Data recorded for each paired value   
Plant species and, if relevant and available, Group a  Yes 
Product analyzed  Yes 
Plant cultivar a name  No 
Compound name  Yes 
Unit of measurement  No 
Name of analytical method or ‘no method provided’  N/A 
Value for concentration for each data point  Yes 
Value reported on fresh weight basis Yes, no (assumed yes if not specified) N/A 
Standard error of the mean (SEM) or standard deviation (SD) of the 
value 
 No 
Number of full replications of each system in terms of growing sites 
or field plots 
 No 
Number of technical repetitions within each replication   No 
If difference between systems was reported by author as significant  Yes, no N/A 
Dry matter %   No 
Data source  Numeric, graphical N/A 
Limit of detection (LOD) and/or limit of quantification (LOQ)   No 
All ‘treatments’ distinguishing separate sets of paired data found in 
the publication, which are replicated for at least one organic and 
one conventional sample, to ensure that all relevant data points 
from the publication are included in as much detail as available.  
E.g. preservation method, sampling/harvesting 
time/method, year, season, irrigation method, 
maturity stage at harvest, pre-crop, seed rate, 
storage conditions etc. 
N/A 
Data control status Confirmed or corrected by author, updated or 
extended by author, confirmed or corrected 
without input from author 
N/A 
a
 ‘Group’ and ‘cultivar’ defined according to 18 (as in Table 2); b Assessed by study staff based on available input lists, if not explicitly 
stated in publication. N/A means ‘not applicable’. 
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